Introduction
Acute pain following surgery is a predictable, physiological response to tissue damage. Patients are prepared for some degree of pain or discomfort but expect that it will pass. However, up to one third of patients undergoing common surgical procedures report persistent or intermittent pain of varying severity at one year postoperatively (1) . Chronic pain is difficult and costly to treat, with wider costs associated with increased health service use as well as reduced quality of life and economic productivity. The burden of disease from chronic post-surgical pain (CPSP) is potentially enormous if we consider the volume of surgical procedures performed annually.
Defining chronic pain after surgery
As with all clinical conditions, prevalence estimates vary depending upon the case definition used, the sampling method and the timing of the postoperative assessment. There is no standardised definition for chronic pain after surgery; most epidemiological studies use the International Association for the Study of Pain (IASP) definition for chronic pain. Macrae and Davies (2) were the first to propose that specific criteria should be satisfied in order for chronic pain to be defined as post-surgical. These were:
• The pain must develop after a surgical procedure.
• The pain is of at least two months duration.
• Other causes for the pain have been excluded.
• The possibility that the pain is from a pre-existing condition has been excluded.
The first two criteria are straightforward, although pain duration of two months is shorter than the IASP recommends. These definitions assume a constant pain experience, whereby acute postoperative pain continues to eventually become chronic. However, empirical studies show that a proportion of patients are pain-free or have mild pain in the acute postoperative period, with new onset pain or altered sensations developing weeks or months after the initial surgical insult (3, 4 • Chronic post-surgical pain (CPSP) is a recognised adverse consequence of surgery; surgery is common, therefore the population at risk is considerable.
• Putative risk factors for CPSP include genetic predisposition, demographic, clinical (pain history, type of surgery, anaesthesia, acute pain severity), and psychological factors (vulnerability vs resilience).
• Evidence of prevention is limited: long-term benefit from pre-emptive/perioperative analgesia has not been demonstrated consistently.
• Large scale prospective studies with detailed pre, intra and postoperative multifactorial assessments are required to refine understanding of the aetiology and prognosis of CPSP. r e v i e w s i n p a i n indeterminate pains can be difficult, particularly if pain was present preoperatively e.g. prolapsed painful hernia or angina.
Prevalence
Numerous primary studies and secondary reviews have reported on CPSP prevalence. Estimates from epidemiological studies vary widely but overall, between 10 and 30% of surgical patients will report some degree of persistent pain at one year postoperatively, with higher rates (>40%) observed after major thoracic surgery (5) (6) (7) . A smaller proportion, up to 5% of all surgical patients, report severe, disabling pain at one year (8, 9) . In general, estimates of CPSP prevalence are derived from postoperative cross-sectional studies, prospective surgical cohorts and clinical trials. One UK study considered frequency and cause of chronic pain from the secondary care perspective: a survey of 5000 patients attending outpatient pain clinics revealed that 22% of patients attributed surgery as the main or major contributory cause of their chronic pain (10) .
Most studies of CPSP have focused on common elective surgical procedures, including inguinal herniorrhaphy, breast surgery, orthopaedic and cardiothoracic surgeries. Systematic reviews have summarised the frequency of CPSP after inguinal herniorrhaphy: the first published review included data from 40 epidemiological studies and RCTs, concluding that moderate to severe chronic pain occurred in 10% of patients at one year (4) . Updated reviews suggest that 12% of patients will suffer CPSP and 6% persistent testicular pain after inguinal herniorrhaphy (11) . In addition to persistent groin pain, a national registry-based Danish study found that 7% of males suffered from moderate to severe pain during sexual activity after hernia repair (12) . Chronic pain has now been described as the most common and serious long term problem after repair of an inguinal hernia (13) .
Most studies of chronic pain after breast surgery focus on patients undergoing mastectomy or breast conservation surgery with axillary sampling/biopsy. One systematic review reported prevalence estimates ranging from 13 to 69%, although not all of the included primary studies assessed patients beyond six months postoperatively (14) . Kudel and colleagues (15) found that women with multiple pains after breast surgery (phantom breast pain, scar pain or 'other pain as a result of mastectomy') were more likely to have a greater degree of disability and distress, suggesting an additive negative impact from concurrent postoperative pain syndromes.
The term 'post-mastectomy pain syndrome' encompasses a range of pain and altered sensations in the chest, arm, axilla and shoulder region (15) (16) (17) . Common descriptors reported by women include stabbing pain, tenderness, tightness, pulling/dragging sensations and numbness (3, 16, 17) . In an early study, Wallace et al (18) assessed women one to five years after mastectomy with or without breast reconstruction and also women having cosmetic breast augmentation. Rates of CPSP were higher after mastectomy with . Despite changes in surgical practice whereby radical mastectomy has mostly been replaced with less invasive breast conservation surgery with axillary surgery and adjuvant treatment, rates of CPSP and other postoperative symptoms remain remarkably high. However, chemotherapy and radiotherapy can also induce neuropathic pain (19) , which may explain the high incidence of chronic pain in this patient group. A Scottish longitudinal study of women with post-mastectomy pain at three years postoperatively found that half continued to suffer from persistent or intermittent pain and arm morbidity up to 12 years after surgery (17) . A Danish study of breast cancer survivors found a high incidence of pain (29%), paraesthesia (47%) and phantom sensations (19%) five to ten years after surgery, with adjuvant radiotherapy being a significant contributory factor (20) . In a review of possible risk factors for CPSP after breast cancer treatment, Andersen and Kehlet acknowledged the increased risk associated with radiotherapy and nerve damage, but expressed frustration that study heterogeneity precluded robust conclusions (21) .
Recent questionnaire studies of patients who underwent thoracic surgery found rates of post-thoracotomy pain syndrome (PTPS) of 33% following thoracotomy and 25% after video-assisted thoracic surgery (VATS) at 12 to 36 months post-operatively (22) . Of those describing pain, up to 12% rated it as severe on movement. Interestingly, a similar survey investigating patients after lung transplantation found a far lower incidence of pain, between 5 and 10%, which may suggest a protective role of immunosuppression in the development of long term pain (23) .
Risk factors
The application of epidemiological methods has been important for identifying risk factors thought to contribute to the development of CPSP. Putative factors include: the presence of preoperative pain, age, psychological factors, intraoperative nerve handling, surgical technique/approach, acute postoperative pain, genetic predisposition, type of anaesthesia, and postoperative management. A brief description of selected factors is given here.
Preoperative pain
In a sample of patients having elective abdominal surgery, higher levels of pain immediately before surgery (OR 2.96; 95% CI 1.32, 6.60) and the presence of chronic pain before surgery (lasting >6 months) (OR 1.75; 95% CI 1.03, 2.98) independently predicted moderate to intense pain in the acute postoperative period (24) . Preoperative pain at or near the operative site has been found to predict chronic pain after hernia and amputation surgery (25) (26) (27) .
Patients with chronic post-herniorrhaphy pain were more likely to have presented with a painful hernia and to have another chronic pain syndrome: headache, backache, irritable bowel syndrome (26) . Cross-sectional studies report a two-to three-fold increased risk of CPSP among patients with preoperative pain although these estimates are often based on patient recall (9) . Methodologically, it is important to measure pain status preoperatively, as retrospective recall of preoperative pain may be biased by presence and intensity of current pain (28) .
Age
Younger patients are more likely to develop CPSP (3, 9, 21, 22, 29, 30) but this finding is inconsistent across studies (31) . In a prospective study of women undergoing breast cancer surgery, the probability of CPSP incidence decreased by 5% with each one-year increase in age [OR 0.95, 95% CI 0.91-0.99] (32) . These data correlate with a Scottish study of CPSP after hernia surgery, where a 5% reduction in odds of developing pain was found per one-year increase in age (9) . Mechanisms explaining the increased incidence of chronic pain in younger patients are unknown, but may relate to reduction in peripheral nociceptive function with increased age.
Psychological factors
Early studies investigating risk factors for CPSP mostly focused on demographic, somatic and perioperative biomedical factors, however there has been recent interest in the role of psychological factors, particularly vulnerability and resilience, in predicting late surgical outcome. Psychological vulnerability has been defined as 'a reaction readiness defined by a low threshold for being influenced and a risk of inexpedient reactions in social interactions and health-related behaviour' (33) . Psychological distress predicts acute postoperative pain, but less is known about the interrelationship between psychological distress, acute pain and the processes involved in the transition from acute to chronic pain after surgery. Individuals with high trait or dispositional anxiety are thought to be more hypersensitive and psychologically more reactive to threatening stimuli (24, 34) . State-trait anxiety and depression are predictive of acute postoperative pain; preoperative anxiety is correlated with high postoperative anxiety, postoperative pain intensity, analgesic requirements and longer length of hospital stay (24) .
Research has widened from measurement of affect to include other constructs of distress and health related beliefs, including pain catastrophising. Catastrophising, argued to be a stable, trait-like characteristic, has mostly been assessed in non-surgical chronic pain populations or within the acute postoperative period (35, 36) . Recent studies have explored the role of health-related beliefs, including catastrophising, in predicting late surgical outcome. Preoperative catastrophising and comorbidities independently predicted pain ratings two years after knee arthroplasty (37) . A similar cohort study, with larger sample size, found that pain catastrophising was the strongest independent predictor of poor pain outcome after total knee replacement (38) .
Dispositional optimism, psychological 'robustness', expectation of pain control and expectations about functional recovery before surgery are associated with acute postoperative pain and, more recently, CPSP. Emotional distress [anxiety, depression, illness behaviour, somato-sensory amplification] were significant risk factors for clinically meaningful acute pain at one month after breast cancer surgery, but made no independent contribution to persistent pain at three months postoperatively (32, 39) . A large prospective surgical cohort of 625 patients undergoing minor, intermediate and major r e v i e w s i n p a i n severe acute pain predicting chronic pain are relatively consistent, the precise nature of the mechanisms involved and whether these relationships are associative or causal has yet to be determined (46) .
Genetics
Patients undergoing elective surgery are broadly exposed to similar levels of tissue injury, nerve damage and nociceptive barrage, yet only a proportion of these develop a chronic pain state. It is then reasonable to assume that, as with many other diseases, there are both genetic and environmental component factors in every causal mechanism. A study of patients undergoing median sternotomy and venous saphenectomy found a higher than expected proportion of patients with CPSP at both operative sites, suggesting a constitutional predisposition for chronic pain (30, 47) . Pain sensitivity varies widely; increased susceptibility has been demonstrated in animals and in humans (48) . Pain susceptibility is known to be influenced by several genes and human genetic studies have mostly focused on polymorphisms in candidate genes. Further research on the genetics of CPSP is currently being undertaken and is likely to be illuminating (46) .
Future directions
The increase in awareness of CPSP has led to huge body of research investigating, for example, pre-emptive analgesia and other preventive strategies. Evidence of prevention is currently limited as trials of pre-emptive (e.g. gabapentinoids) and perioperative analgesia and are either contradictory or inconclusive, possibly due to poor design and small sample sizes which lack statistical power (6, 46) . Many studies investigating efficacy of perioperative anaesthetic or analgesic agents show an effect in the acute postoperative period, but benefit is often not demonstrated in the long-term [for reviews see 46, 49] . However, treating all patients with perioperative drugs in the hope of preventing conversion to chronic pain is both impractical and costly. These drugs are not without side-effects so, as with all preventative approaches, a balance must be struck between inconveniencing all and providing an unknown degree of benefit to a few (50) . The challenge for researchers is to accurately predict and identify susceptible patients who are at greatest risk of CPSP and to enable targeted prevention.
As the development of CPSP is likely to be multifactorial, involving the interplay of psychology, genetics, pre-existing pain, and the inflammatory response to tissue damage, as well as surgical, anaesthetic and analgesic techniques, its full investigation can only be achieved with multicentre collaboration of detailed prospective studies (51) . Agreement about core domains to be included within future studies e.g. pain, pain-related physical and emotional functioning, psychological factors and surgical/intraoperative factors, would provide a framework for researchers to collate minimum datasets across multiple patient cohorts and healthcare settings. This would allow data aggregation for systematic reviews, and would also provide larger samples sizes for the development and refinement of prognostic models. Further exploration of the complex relationship between biophysical, surgical and psychological processes along the operative procedures, found that fear of the long-term consequences of surgery (OR 1.9; 95% CI 1.9, 1.1, 3.3) predicted increased pain at six months postoperatively, independent of the type of surgical procedure and other somatic factors (40) . Fear related to surgery was the most consistent psychological predictor of unfavourable outcome, whereas dispositional optimism was related to better longterm functional recovery after surgery.
Intraoperative nerve injury
During surgery, nerves are at risk of injury from partial or complete division, stretching, contusion, crushing, electrical damage from diathermy, entrapment or compression (e.g. from rib retraction) (21, 22, 41, 42) . Additional risks occur during prosthetic implantation, where damage or kinking may occur, for example, when stapling or suturing mesh into position during hernia repair. Chronic inflammation can occur to non-absorbable material or implants (e.g. staples, sternal bone wires) or neuroma formation following entrapment of fibres in scar tissue. Relatively few studies have assessed whether intraoperative nerve handling, or elective preservation or division of major sensory nerves, contributes to the development of chronic pain or numbness.
The largest study to investigate intraoperative nerve handling and CPSP is a multicentre prospective study of 955 patients undergoing open mesh herniorrhaphy (8) . Nerve handling was carefully recorded and patients with moderate to severe pain were examined by clinicians after one year. Non-identification of nerves was significantly associated with CPSP, as was nerve division; prognostic significance of not identifying one or more inguinal nerves was maintained after adjustment for age and sex (8) . This is biologically plausible given that nerves may be inadvertently sectioned, entrapped or secured to other structures.
It is entirely conceivable that duration of surgery, associated with persistent surgical nociception and sustained peripheral injury, could trigger changes in the central nervous system. Yet there is relatively little data to support the theory that the more severe the surgical insult or tissue damage, the greater the risk of persistent pain (24) . Rates of severe acute postoperative pain and chronic pain are higher after thoracic surgery but can also occur after minimally invasive surgery, including laparoscopic procedures and vasectomy (7, 43, 44) . However, in a heterogeneous sample of patients having minor, intermediate and major surgery, Peters and colleagues (40) found that surgery lasting longer than three hours predicted increased pain, poor functional outcome and poor global recovery at six months postoperatively. Severe acute postoperative pain (OR 3.2, 95% CI 1.6, 6.3) also predicted increased pain at six months.
Acute post-operative pain
Higher levels of pain in the acute postoperative period have consistently been found to predict pain weeks and months after surgery; this association has been replicated in many surgical cohorts, including studies of hernia, breast, thoracic and laparoscopic cholecystectomy surgery (see reviews 1, 2, 6) . Similarly, severe pain immediately before or after lower limb amputation predicts chronic pain in the residual or phantom limb (45) . Whilst these data on
Although there is still much to learn about mechanisms, the relationship between acute postoperative pain and subsequent CPSP has been well demonstrated empirically, and the immediate goal for all extended surgical teams should, therefore, be the control of pain during the acute postoperative period.
